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Abstract
Previous research has demonstrated that the amplitude of evoked emissions decreases in human sub-
jects when the contralateral ear is stimulated by noise. The medial olivocochlear bundle (MOCB) is be-
lieved to control this phenomenon. Recent research has examined this effect in individuals with auditory pro-
cessing disorders (APD), specifically with difficulty understanding speech in noise. Results showed tran-
sient evoked otoacoustic emissions (TEOAEs) were not affected by contralateral stimulation in these sub-
jects. Much clinical research has measured the function of the MOCB through TEOAEs.This study will use
an alternative technique, distortion product otoacoustic emissions (DPOAEs), to examine this phenomenon
and evaluate the function of the MOCB. DPOAEs of individuals in a control group with normal hearing
and no significant auditory processing difficulties were compared to the DPOAEs of children with signifi-
cant auditory processing difficulties.Results showed that the suppression effect was observed in the control
group at 2 kHz with 3 kHz of narrowband noise. For the auditory processing disorders group, no significant
suppression was observed.Overall, DPOAEs showed suppression with contralateral noise, while the APD
group levels increased overall.These results provide further evidence that the MOCB may have reduced
function in children with APD.
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Introduction
The central auditory system is an extremely complex
system, and involves structures from the cochlear nucle-
us to the auditory cortex. The cochlear nucleus is located
in the brainstem in the cerebellopontine area.It consists
of three sections including the anterior ventral cochlear
nucleus, the posterior ventral cochlear nucleus, and the
dorsal cochlear nucleus.Auditory nerve fibers enter this
area and divide to each of the three nuclei.The superior
olivary complex (SOC) is ventral and medial to the co-
chlear nucleus. The SOC is the first place along the sys-
tem where ipsilateral and contralateral inputs are pres-
ent, and consists of five primary groups of nuclei. Re-
search has shown that two distinct efferent systems
emerge from the olivocochlear bundle. The lateral olivo-
cochlear system forms mainly ipsilateral connections
and terminates on neurons at the base of the inner hair
cells.The medial olivocochlear system (MOCS) origi-
nates in the SOC and crosses mainly to contralateral out-
er hair cells [1]. From the SOC, fibers project to the later-
al lemniscus, inferior colliculus, medial geniculate body,
and reticular formation, all which serve as important re-
lay stations for auditory information.
Since the medial efferent system synapses on outer hair
cells, research has looked at otoacoustic emissions as an
objective measure of the function of this system. In the
late 1980s, researchers used contralateral acoustic stimu-
lation to determine whether noise would affect the me-
chanics of the cochlea through the medial efferent sys-
tem. Thirty seven subjects with normal hearing were ex-
posed to white noise in one ear, and transient evoked oto-
acoustic emissions (TEOAE) were measured in the oppo-
site ear.Results showed that TEOAE amplitude decreased
significantly under the contralateral stimulation condition
when the stimulus intensity was greater than or equal to
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30 dB SPL. The reduction of TEOAE amplitude became
increasingly significant as the noise level increased [2].
Results support that the MOCS, with its projections onto
the outer hair cells, acts to reduce the OAE amplitude
and assumes an inhibitory function.
Additional research in pathological human subjects
was conducted to further examine the role of the olivoco-
chlear efferents.Subjects’vestibular nerve was sectioned
to alleviate extreme vertigo. As a result, olivocochlear ef-
ferents were severed.Evoked otoacoustic emissions were
recorded while a stimulus was presented to the contralat-
eral ear. Results showed a reduction of the suppression
effect in the severed ear compared to the normal one,
suggesting that a functioning olivocochlear efferent sys-
tem is required for the full effect of contralateral suppres-
sion. Normal subjects demonstrated the suppression ef-
fect in both ears, with no statistical difference between
the two [3].
The suppression effect has been observed in many stud-
ies with human subjects considered to have normal hear-
ing [2-5] and has further been examined in individuals with
specific complaints of difficulty understanding speech in
background noise. One study examined individuals diag-
nosed with auditory neuropathy and showed reduced or ab-
sent suppression effect [6]. Individuals with King-Kopetz-
ky syndrome were also evaluated. These subjects have
been diagnosed with an auditory disability in which thresh-
olds appear clinically normal, but report significant diffi-
culty hearing speech in the presence of background noise.
Reduced suppression effect was seen in these individu-
als as well [7]. Similar results were also described in chil-
dren with learning impairments who demonstrated nor-
mal hearing [8].
Central auditory processing refers to the efficiency
and effectiveness by which the central nervous system
(CNS) utilizes auditory information.Central auditory pro-
cessing disorder (CAPD or APD) refers to difficulties in
the perceptual processing of auditory information in the
CNS as demonstrated by poor performance in auditory
discrimination, pattern recognition, temporal integration,
dichotic listening, etc. (http://www.asha.org/policy/
TR2005-00043/#sec1.3).Children with APD display char-
acteristics similar to many of these groups, particularly
difficulty listening in the presence of competing back-
ground noise. An auditory processing disorder was
agreed upon at this time to be an observed deficiency in
one or more of these areas. One of the most common is-
sues in children with APD is difficulty understanding
speech in noisy or degraded conditions.While a decrease
of auditory performance in these conditions is common,
it has been found to be even more problematic in chil-
dren with APD [9].As a result, researchers had proposed
that the MOCB function may be reduced, demonstrating
a decreased suppressive effect in these children as well.
This hypothesis was studied by comparing a control
group of children with normal hearing and no evidence
of APD to an experimental group of children with nor-
mal hearing and education or behavioral symptoms relat-
ed to APD. TEOAEs were measured in both groups while
continuous white noise was presented to the contralateral
ear. The main finding of the study was a reduced suppres-
sion effect of TEOAE in children with APD compared to
the control group. These findings are indicative of low ac-
tivity of the MOCB system and reduced auditory inhibi-
tion in children with APD [10]. Due to the objective nature
of the assessment, researchers have suggested that evalu-
ation of the efferent system by examination of the sup-
pression effect be included in the test battery for the di-
agnosis of APD in children.
To evaluate the suppression effect of the MOCB,
much of the previous research has used TEOAEs as the
measurement. Fewer studies using distortion product oto-
acoustic emissions (DPOAEs) are available. Since
DPOAE test has better frequency specificity than the
TEOAE test and TEOAE measurement may not be avail-
able in many clinics, using DPOAEs may give clinicians
another method to potentially evaluate the function of a
patient’s MOCB and hearing in noise. The research that
has been completed using this method shows significant
suppression of DPOAEs during contralateral sound stim-
ulation in individuals with normal hearing [5,11]. However,
there has been minimal research to show the effect that
contralateral stimulation has on DPOAEs in individuals
with APD.This study will examine this effect in children
with no significant auditory processing difficulties com-
pared to a group of children that present these signs. Re-
sults of this study may provide further evidence regard-
ing the use of this objective test in the battery of diagnos-
tic testing for APD as suggested by previous research [10].
Methods and Subjects
Subjects: Eleven children are recruited from the West-
ern New York area to participate in this study. Five chil-
dren were recruited for the control group, who showed no
signs of APD, and six children participated in the experi-
mental group who displayed auditory processing weak-
nesses (procedures for the APD test have been listed in
the next section).The control group consisted of volun-
teer children who were recruited through fliers displayed
and distributed by the researcher.These children’s ages
ranged from 9-14 years, including 3 nine year olds, one
eleven year old, and one fourteen year old (average age
10.4 years). Two of these participants were male and
three were female. For inclusion in the study, these chil-
dren could not display any signs of a hearing loss or
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APD (criteria were listed in the next section). A case his-
tory evaluation form was filled out by the child’s par-
ents prior to testing to ensure these criteria were met.
One of the five subjects had previously received speech
therapy for vocal nodules, and had a history of ear infec-
tions in infancy and early childhood, which were treated
with antibiotics.Another participant also received speech
language therapy prior to kindergarten for articulation of
specific phonemes.She also reportedly received academ-
ic assistance for reading in grades 5 and 6.No significant
audiologic or academic history for the other three partici-
pants was reported at the time of testing. All partici-
pants in the control group were compensated for partici-
pation in this study.
Participants in the experimental group were children
who had appointments at the Speech Language Hearing
clinic of University at Buffalo for auditory processing
evaluations. At the time of the evaluation, each child
and parent received information about the study. If they
agreed to participate, there was additional testing added
to the end of the scheduled appointment. All of the afore-
mentioned audiologic criteria for the control group ap-
plied to the experimental group as well, with the excep-
tion of no signs of APD. Two of the six participants in
the experimental group were females, four were males.
Ages ranged from seven to sixteen years, and included
one seven year old, two eight ear olds, two twelve year
olds, and one sixteen year old (average age 10.5 years).
According to the case history forms, four out of six of
these children had a history of middle ear infections.
Three children were receiving speech language therapy
at the time of their evaluation, and two had received
these services in the past. All participants in this group
were receiving some type of academic assistance at the
time of testing.
Audiometry test and APD test: All audiologic test-
ing was carried out in a sound treated room. Stimuli was
delivered through a calibrated GSI-61audiometer and de-
livered through ER-3A insert earphones. Tympanometry
was measured using the GSI TympStar Middle Ear Ana-
lyzer.Audiometric inclusion criteria was for participation
in the study was set as follows:pure-tone air conduction
thresholds ≤ 20 dB HL bilaterally between 250 and 8000
Hz, an air bone gap ≤ 10 dB, speech recognition thresh-
olds ≤ 15 dB, and normal middle ear pressure and com-
pliance.
Following audiologic testing, each group was adminis-
tered a battery ofAPD tests including the Speech-in-Noise
Test (SIN) and Staggered Spondaic Word Test (SSW) fol-
lowing the guidance from American Speech-Language-H-
earing Association (2005). The SIN test gives a percentage
correct score of monosyllabic, phonetically balanced
words presented in three conditions: the right ear, left ear,
and binaural.For each condition, competing speech noise
was presented at a 10 dB signal-to-noise ratio. This audi-
tory processing test evaluates the subject’s ability to lis-
ten in degraded listening conditions. The SSW is a dich-
otic task in which compound words were presented to
both ears at the same time. This tests the child’s ability
to process an overload of auditory information. Mem-
bers of the control group had scores were required to
score no more than mildly outside normal limits on both
measures for inclusion in the study. Those in the experi-
mental group were required to score at least moderately
outside normal on the SIN test or SSW to be included in
the study (APD group).
DPOAE test: Prior to DPOAE testing, each subject’s
threshold to the narrowband noise, centered at 2000 Hz
and 3000 Hz, was measured in the left ear. Measure-
ment of DPOAEs was then carried out using the SCOUT
DPOAE system. The 1.5-10 kHz Ototoxic test was the
protocol used for measurement. Subjects were seated in
a comfortable chair and instructed to remain as quiet as
possible during the testing.DPOAEs were first measured
without contralateral stimulation.The probe was placed
in each subject’s right ear, and sealed through a foam
ear tip. Two pure tone signals, f1 and f2, were simultane-
ously presented to record the distortion product 2f1-f2,
which produces the most robust emission.A frequency ra-
tio of 1.2 (f2 > f1) was used for this assessment. L1 in-
tensity level was 65 dB, and L2 level was 55 dB.Two tri-
als were completed and responses averaged at two F2
frequencies, 2062 Hz and 2999 Hz.These frequencies
were used for measurement,as they are the closest points
to the narrowband noise presented subsequently present-
ed at 2000 and 3000 Hz.After both trials of DPOAEs
were collected without noise,DPOAEs were measured in
the right ear while NBN was simultaneously delivered to
the left ear. The noise was presented at 50 dB above the
narrowband noise threshold for testing of the suppres-
sion effect.Again, two trials were conducted, and DPOAE
amplitude averaged at 2062 and 2999 Hz.
Results
APD test: For the Speech-in-Noise test, all partici-
pants in the experimental group scored at least moderate-
ly outside normal limits in one condition. All scored out-
side normal limits in the left ear, one being mildly out-
side normal, one moderate, and four were severely out-
side normal limits. Two participants scored moderately
outside normal for the binaural condition.One partici-
pant scored mildly outside normal for the right ear, two
were moderate, and one was severe.For the SSW, all par-
ticipants in the experimental group scored outside nor-
mal limits in at least two conditions. All scored outside
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normal for the total score.Four scored outside normal
limits for the left competing condition, and three for the
left noncompeting condition.Two scored outside normal
for right competing, and two for right noncompeting.
Four of the participants were found to have significant
weaknesses in tolerance fading memory, one with toler-
ance fading memory and decoding difficulties, and dis-
played primarily decoding difficulties. For the control
group, all participants scored within normal limits in
Speech-in-Noise testing for the left competing, right co-
mpeting, and binaural scores. For the SSW, none of
these participants scored more than mildly outside of
normal limits on any condition.Two of five scored with-
in normal limits for all test conditions.Two showed mild
tolerance fading memory, and one child had mild issues
with decoding and tolerance fading memory.
DPOAE test: Analysis for DPOAE testing was carried
out using Prism analysis software. In the control group,
the DPOAE amplitude at 2 kHz showed a significant de-
crease when a 2 kHz or a 3 kHz narrow-band noise was
presented in the contralateral ear (One-way ANOVA re-
peated test, P = 0.006).Tukey’s post-test indicated that
the DPOAE levels measured with no noise compared to 2
kHz narrowband noise was not statistically significant.
However, the condition of no noise versus 3 kHz narrow-
band noise was significant (P < 0.05), as was 2 kHz com-
pared to 3 kHz of narrowband noise (Figure 1A). There
is no significant in the APD group (One-way ANOVA re-
peated test, P = 0.7341) (Figure 1B).
The same procedure was used for measuring DPOAE
amplitude suppression in both groups at 3 kHz. For the
control group, although the amplitude of DPOAE showed
a slight decrease, the p value was not statistically signifi-
cant (P = 0.2290), indicating that there was no signifi-
cant differences in DPOAE amplitude with contralateral
noise (Figure1C).For the experimental group (APD
group), there were no significant differences in DPOAE
amplitude with contralateral noise (P = 0.8484) (Figure
1D).
A two-way ANOVA was used to evaluate the amount
of suppression of DPOAEs at 2 kHz for no noise and 2
kHz narrowband noise, and no noise and 3 kHz narrow-
band noise. No significant interaction effect was record-
ed between the two variables (P = 0.0544). Whether a
participant was in the APD group or not was extremely
significant (P = 0.0009).The frequency of narrowband
noise was not found to be significant (P = 0.2032). Bon-
ferroni post tests for no noise and 2 kHz narrowband
noise showed no significance (P > 0.05). Results were
statistically significant for the no noise and 3 kHz nar-
rowband noise condition (P < 0.001) (Figure 2A, nega-
tive number means suppression). Column statistics show
that the mean suppression for subjects in the control
group was -3.87dB. The mean suppression for the experi-
mental group was 0.5958 dB, indicating that the ampli-
tude of DPOAEs at 2 kHz actually increased overall
with noise. A two-way ANOVA was also to examine the
compare amplitude suppression at 3 kHz with no noise
and 2 kHz narrowband noise, and no noise and 3 kHz
narrowband noise.The condition of APD was found to
be significant overall (P = 0.0395). However, the fre-
quency of narrowband noise was not significant (P =
0.7037). Bonferroni post tests showed that with no noise
and 2 kHz narrowband noise, and no noise and 3 kHz
narrowband noise, results were not significant (P > 0.05)
(Figure 2B). Column statistics show that the mean sup-
pression for subjects in the control group (n = 5) was -2
± 3.7 dB and -3 ± 3.5 dB to 2 kHz and 3 kHz nar-
row-band noise stimulation.The mean suppression for
the experimental group (n = 6) was 0.78 ± 1.8 dB SPL
and 0.64 ± 4.0 dB SPL, indicating that the amplitude of
Figure1 DPOAE amplitude suppression measured in children in
the control and auditory processing disorder (APD) group. (A)
In the control group, the DPOAE amplitude at 2 kHz showed a
significant decrease when a 2 kHz or a 3 kHz narrow-band noise
was presented in the contralateral ear (One-way ANOVA, P =
0.006). (B) There is no significant in the APD group (One-way
ANOVA repeated test, P = 0.7341). (C) At 3 kHz, for the control
group, although the amplitude of DPOAE showed a slight de-
crease, the difference was not statistically significant (P =
0.2290). (D) There were no significant differences in DPOAE am-
plitude with contralateral noise in the APD group (P = 0.8484).
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DPOAEs at 3 kHz actually increased overall with noise.
However, there was no significant different between the
control and the APD groups.
Discussion
For each individual, the average DPOAE without con-
tralateral stimulation was compared to their average
DPOAE amplitude with simultaneous contralateral stim-
ulation of narrowband noise.Previous studies have
shown that there is a suppression effect of evoked emis-
sions in normal hearing subjects [10,11]. In accordance with
these results, it would be expected that the subjects in the
control group would also show a decrease in DPOAE am-
plitude. This study partially supports such previous re-
search. A significant suppression effect in the control
group was found when measuring amplitude at 2 kHz
with 3 kHz narrowband noise in the contralateral ear.
There was also a reduction of DPOAE amplitude when
the contralateral ear was exposed to 2 kHz narrowband
noise, however, the results were not statistically signifi-
cant. This is in contrast to what would be expected based
on the tonotopic organization of the cochlea. Again, for
the control group DPOAEs at 3 kHz, there was some re-
duction of DPOAE amplitude. However, the current
study did not find a significant suppressive effect for ei-
ther 2 or 3 kHz narrowband noise when measuring am-
plitude at 3 kHz.When considering the organization of
the cochlea, one would expect that both 2 and 3 kHz of
noise would have some effect on the amplitude at 3 kHz.
However, previous research has suggested that NBN
which induces the most significant suppressive effect is
centered at 1 and 2 kHz [12]. The lack of suppression
found in this study at 3 kHz supports previous research,
and indicates that 3 kHz may not be an appropriate fre-
quency for measuring this effect.
Amplitude measurement at 2 kHz for the APD group
also confirms previous research examining contralateral
suppression.DPOAEs at 2 and 3 kHz not only failed to
display the suppression effect, but amplitudes actually
slightly increased overall with the introduction of noise.
This supports previous research identifying the possibili-
ty of reduced MOCB function for children with auditory
processing difficulties [10].
There are a few significant limitations that were asso-
ciated with the outcomes of this study. One of the major
shortcomings is the number of subjects which were able
to be tested. For the control group, it was difficult to
find parents who would be able to bring their child to the
university clinic at some time during the day. Although
each child received some compensation, the study was
not funded which also limited the amount of participants
which could be recruited. With only five participants in
the control group and six in the experimental group, this
limits the ability to generalize results to a larger popula-
tion. Future studies in this area should include more par-
ticipants to increase the study’s external validity. Anoth-
er limitation of the study is that auditory processing
skills were only evaluated using two different clinical
tests. However, there are many auditory processing tests
available which evaluate the child’s ability to process
competing acoustic stimuli. Future studies could examine
whether there is a relationship between difficulties on oth-
er auditory processing tests and amplitude of DPOAEs.
They should also examine the relationship between spe-
cific APD categories such as tolerance fading memory
and decoding with the level of suppression of DPOAEs.
Future research in this topic should continue to examine
the utility of contralateral suppression in the diagnostic
test battery. The results of this study showed that not ev-
ery child in the control group showed suppression. Simi-
larly, not all children in the experimental group failed to
show suppression. This study examined overall levels,
and future research should examine the sensitivity and
specificity such a test provides in the diagnosis of APD.
Finally, future research on this topic could examine the ef-
fect of aging on the function of the MOCB and individu-
al’s ability to suppress. Longitudinal studies examining
young children with APD and little to no suppression
would allow researchers to examine the how the central
Figure 2 (A) The amount of suppression of DPOAEs measured at
2 kHz for no noise and with narrowband noise at 2 kHz and 3
kHz. No significant interaction effect was recorded between the
two variables (P = 0.0544). Results were statistically significant
for the no noise and 3 kHz narrowband noise condition (P <
0.001). The mean suppression for subjects in the control group
was -3.87 dB and the mean suppression for the experimental
group was 0.5958 dB SPL. (B) The amount of suppression of
DPOAEs measured at 3 kHz for no noise and with narrowband
noise at 2 kHz and 3 kHz. Column statistics show that the mean
suppression for subjects in the control group (n = 5) was -2 ± 3.7
dB and -3 ± 3.5 dB to 2 kHz and 3 kHz narrow-band noise stimu-
lation. The mean suppression for the experimental group (n = 6)
was 0.78 ± 1.8 dB SPL and 0.64 ± 4.0 dB SPL. However, there
was no significant different between the control and the APD
groups.
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auditory system changes and improves with age.
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